Abstract ： Based on the study of radial magnetized magnetic gears of permanent magnet synchronous motor, put forward a new type of Halbach magnetic composite gear motor to improve the efficiency of the composite motor driving system. Build finite element analysis model, based on the analysis of the distribution of air gap flux density, comprehensive consideration of the effects of harmonic magnetic field and the chute, time stepping finite element method is applied on the research of Halbach magnetic gear composite motor iron loss distribution. The results show that, compared with the traditional radial type structure, Halbach composite magnetic gear motor with small iron loss, high efficiency. loss of the motor is affected by the magnetic block, the width of slot, which lays a foundation for improving the efficiency of this kind of motor.
Introduction
Compared with the traditional mechanical gears, the magnetic field modulated magnetic gear is used to change the air gap magnetic field, the inner and outer permanent magnets are involved in the transmission of torque. There is no mechanical friction in the process of transmission, which makes the transmission device with many advantages, such as large output torque density, low noise, no mechanical loss, high transmission efficiency. In view of the advantages, experts and scholars combined the magnetic field modulation magnetic gear with permanent magnet motor, invented magnetic composite gear motor, which has the low-speed and high torque direct drive mode, and also realized the application of magnetic gear of the internal space,which improved the efficiency of the whole power system. In addition, this kind of motor has the advantages of high power density, high power factor, and can be used in electric vehicles, which can save the mechanical gearbox, reduce the volume, improve the efficiency of transmission, and increase the utilization rate of fuel [1] [2] , Applied to wind power generator, it can replace the traditional mechanical gear, and solve the problem of speed matching between the wind turbine and generator, and improve the efficiency of the wind power system.
Compared with the ordinary permanent magnet motor, there are two permanent magnets in the inner and outer of the motor, and also a large magnetic field in the inner and outer permanent magnets. Accurate calculation and analysis of iron loss is significant to the application of this kind of motor. Literature 3 is the first doctoral thesis of the magnetic gear motor, a new type of magnetic gear motor, using analytical method to study the variation of the magnetic density of each part, and some conclusions are drawn. The magnetic density distribution is analyzed by literature 4, In the literature, the magnetic field and the electromagnetic torque are calculated by the global analytic method, and the obtained Halbach magnetic gear is more close to the sine wave. Literature 5 shows the influence of the structure parameters on the mechanical and magnetic properties of the permanent magnetic gear and the permanent magnet brushless motor, to verify the effectiveness of the design by using the finite element method. The above literatures show more of that the static characteristics and the theory of the magnetic gear motor,but less research on the iron loss of the composite motor.
In this paper,proposing a new hybrid electric motor with Halbach topology, Iron loss calculation model of composite motor is established, studying on the magnetic density distribution and the change of the typical position of the composite motor, calculating the loss distribution of the magnetic field and permanent magnet in the composite motor. With the application of the 2D finite element method, proposed Some methods for reducing the iron loss of the composite motor, which are the basis for improving the efficiency of the magnetic gear motor.
Magnetic gear transmission mechanism
The model of the magnetic gear motor is shown in Figure 1 . Figure (a) is a permanent magnet with a radial structure, Figure (b) is a permanent magnet with a Halbach structure. The composite motor is a double-rotor structure, The innermost is a outer rotor permanent magnet synchronous motor with 3 poles, the number of inner rotor magnetic poles is 4, and it is 17 for outer rotor poles,and the magnetic field is between the magnetic pole. According to the mechanism of magnetic gear transmission, the number of the intermediate transfer block is the sum of the inner rotating pole. The angular velocity of the inner and outer rotor is as follows. Where: 1 p is outer rotor pole number, 2 p is inner rotor pole number, 1 ω is outer rotor angular velocity , 2 ω is inner rotor angular velocity. 
Air gap magnetic density calculation

Finite element model
The electromagnetic field analysis is the basis of the analysis of motor loss, heat, etc., and the premise of that the motor can run reliably.
Based on the study of magnetic gear transmission composite motor principle, establish finite element analysis model of the motor, and no-load magnetic field distribution of the motor is shown in figure 2. Figure 2 and 3 show that compared with ordinary radial magnetization, inner and outer layer opermanent magnet with application of Halbach has magnetic composite motor density decrease and air gap flux increase. The permanent magnet synchronous motor and magnetic gear are more powerful, and the dynamic performance of the motor is improved.
Air gap magnetic density analysis
Halbach combined a magnetic gear motor with permanent magnet layer,which applied Halbach magnetized, the permanent magnets are in the same shape, magnetization with regularity. It is assumed that each pole of the motor is composed of n permanent magnets, First one along the positive direction of magnetization direction as X axis, other permanent magnets magnetization direction of the magnetization in X and Y components,which can be expressed by the following equation.
Where: M is magnetization, P is pole pairs. Among them, the internal magnetic field is "+", the external magnetic field is "-". Based on the characteristics of the composite motor, the motor has three layers of air gap, The magnetic flux density of the motor is analyzed and calculated. The three -layer air gap magnetic waveform and harmonic analysis are as follows. In Figure 4 , 5, 6, by Halbach magnetized, the magnetic field strength of three layers of air gap has been effectively improved, but the amplitude of harmonics is greatly reduced, the sinusoidal air gap flux density is greatly enhanced, the magnetic flux leakage can be controlled effectively. Compared with the fundamental amplitude, although the radial magnetized air gap flux density decreases slightly, the comprehensive performance of the motor is increased.
Iron loss analysis
In general, the iron loss of the motor is divided into two parts, eddy current loss and hysteresis loss.Using the finite element analysis software, the magnetic density distribution of the composite motor is calculated, and the calculation formula of the iron loss is as follows. 
Where: ρ is the core density, n is the number of harmonics, V is the core of the volume, B nr is Tangential component of air gap magnetic flux, B nt is Radial component of air gap magnetic flux.
In Formula 3 and 4, they show that the variation of the magnetic density has certain effect on the iron loss. For magnetic gear motor, the iron loss mainly occurs in the stator yoke of the outer rotor motor and the middle of the magnetic field. The magnetic field distribution of the motor is more complicated, the traditional method is not suitable for the iron loss calculation of the compound motor .
By the method of finite element analysis, the influence of the magnetic field in the end is neglected, and the iron loss of the composite motor with two different topologies is calculated. With the same rotation speed, the eddy current loss and hysteresis loss of the hybrid motor with two different topologies are shown in Figure 7 . The waveform of the air gap magnetic density and figure 7 show that composite motor yoke flux density of Halbach structure is lower than radial type rotor structure. In addition, although the magnetic flux density of general radial structure is larger, the harmonic volume of the air gap magnetic density is higher than that of the Halbach structure, Therefore, the application of Halbach structure of the composite motor has lower iron loss, higher transmission efficiency. The eddy current loss distribution of two kinds of composite motor is shown in Figure 8 . Figure 8 shows that eddy current loss is about 130W when the permanent magnet radial magnetization. When using Halbach after magnetizing, the eddy current loss is about 100W, the eddy current loss is reduced about 30W. Due to the application of Halbach magnetization, harmonics of air gap flux density is reduced greatly, and the efficiency of the composite motor is improved. Figure 9 shows the relationship between the no-load loss (iron loss) and the speed of the outer rotor, By the graph, the iron loss of the motor increases with the increase of the rotor speed of the composite motor, and by the application of Halbach magnetization method, the slope of iron loss curve is greatly reduced, and the load capacity of composite motor is increased.
Optimization analysis of iron loss
The amount of the iron loss will affect the operating efficiency of the magnetic gear motor, The eddy current loss will make the permanent magnet heating, produce irreversible demagnetization phenomenon, thereby affecting the performance of the motor. The influence of stator slot width on the permanent magnet eddy current loss is shown in Figure 10 . Figure 10 shows that with the decrease of the slot width, the eddy current loss of composite motor permanent magnet decreases gradually. But the slot width decrease will affect other motor operating performance as showing in table 1. When the slot width decreasing, thecogging torque and eddy current loss of the motor are decreased, but the output of the motor is reduced. Comprehensively considering of the operation performance of motor, the best slot width is about 1.5mm. 
Conclusion
In this paper, proposed Halbach magnetization composite magnetic gear motor, transmission principle analysis of the motor, a motor finite element analysis model, and analysis of air gap magnetic field of the motor. Conclusion as below:
1. Halbach magnetic composite motor has higher coupling ability and transmission efficiency.
2. The air gap magnetic sinusoidal of Halbach magnetized composite motor is higher harmonic is smaller, the amplitude of the flux density is relatively reduced. At the same time, the eddy current loss of is lower, the motor efficiency is higher. loading capacity is enhanced.
3. The stator slot width has an important effect on the eddy current loss, the smaller the notch, the smaller the eddy current loss, higher efficiency. But the size of the notch size affect the motor torque, the appropriate slot width need to be selected.
